Synthesis and characterization of a manganese complex of a new redox-active diaminocyclohexane derivative of a thiourea-based ligand with SNNNS donor atom set is reported. The molecular structure of the complex exhibits a pentadentate SNNNS ligand coordinated in the neutral form to the Mn(II) center. The coordination around the central metal is best described as distorted trigonal bipyramidal with the pyridine nitrogen and the two sulfur atoms being in the equatorial plane and the remaining two nitrogen donors occupying the apical positions of the bipyramid. Cyclic voltammetry in DMSO shows the Mn II /Mn III redox couple with the oxidation peak at −0.199 V and the reduction peak at −0.587 V vs. Fc/Fc + (scan rate 0.5 V s −1 ). The ligand itself possesses redox activity and exhibits prominent oxidation and reduction peaks at −1.194 and −1.481 V vs. Fc/Fc + , respectively. The results of electrochemical experiments under oxygen atmosphere suggest that upon reaction with electrochemically generated superoxide the redox-active ligand is modified causing decomposition of the complex.
Introduction
In our research on model complexes of superoxide dismutase (SOD) [1, 2] , we have been working mostly with seven-coordinate macrocyclic manganese and iron complexes with the ligand systems containing nitrogen and oxygen donor atoms [3 -5] . It has been suggested in the literature that high SOD activity is provided by N5-macrocyclic ligands with high conformational flexibility ( Fig. 1 ) [6 -8] . This conclusion results from a correlation between the ability of the seven-coordinate complex to adopt a six-coordinate (pseudo)octahedral geometry (upon water release) and SOD efficiency, predominantly based on MM calculations [7] . If this mechanism applies, acyclic complexes with even higher flexibility should result in greater SOD activity. Therefore, we became interested in designing an acyclic ligand system analogous to the one of the proven macrocyclic SOD mimetic 0932-0776 / 10 / 0300-0258 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Fig. 1) , which has already entered clinical trials. To achieve that goal, we chose to work with new diaminocyclohexane derivatives [9] as ligand fragments, which in reaction with a pyridine derivative yield an acyclic pentadentate ligand framework (Eq. 1). The acyclic character of such ligands will enable easier conformational rearrangements around metal centers. Additionally, these diaminocyclohexane derivatives are used in enantioselective organocataly- (1) sis [9] . In order to explore the coordination behavior of this ligand class, we started working with the thioureabased ligand fragment (Eq. 1). Complexes with coordinated sulfur are not expected to be SOD-active. However, such studies can provide valuable structural information which can be used for further development of analogous complexes where sulfur is replaced by oxygen. Complexes with the SNNNS bonding pattern are not very common in the literature. The only related pyridine-derived systems known in the literature are complexes of 2,6-diacetylpyridinebis(N 4 -azacyclic thiosemicarbazones) [10, 11] . They have been prepared with several types of metal ions, among them Mn(II). They also show thione-thiol tautomerism, which is not possible with our ligand system.
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Results and Discussion
In this study, we synthesized and characterized a novel manganese complex with an SNNNS coordination motif. Similar to the preparation of other sevencoordinate complexes [4, 5] we reacted the aminethiourea ligand fragment [9] and pyridine-2,6-dicarbaldehyde together with manganese(II) perchlorate in MeOH solution in a template synthesis (Eq. 1). X-Ray quality crystals of 2 could be obtained.
The molecular structure of 2 ( Fig. 2 ) exhibits a pentadentate SNNNS ligand coordinated in the neutral form to the Mn(II) center. The coordination is best described as distorted trigonal bipyramidal with the pyridine nitrogen and the two sulfur atoms in the equatorial plane and the remaining two nitrogen donors representing the apical positions of the bipyramid. The manganese and the three nitrogen donor atoms are almost exactly coplanar. The complex cation carries two positive charges, and electroneutrality is accomplished by two perchlorate groups as non-coordinating anions. For the pyridyl ring in the middle of the two phenyl rings, a parallel arrangement is realized indicating π-π stacking of the three rings with a distance between them of around 4Å. This is at the longer end of typical π-π interactions, but typical for pyridine arene π-π interactions [12] . The stacking is enabled by the electron-poor nature of the metal-coordinated pyridine ring [12] . The centers of the phenyl rings centers are positioned exactly on top of the pyridyl nitrogen atom. This most probably is a stabilizing factor for the whole molecular structure. The complex cation exhibits approximately two-fold symmetry with the noncrystallographic twofold axis going through the metal atom and the nitrogen atom of the pyridine ring.
Cyclic voltammetry of 2 was performed in DMSO solution in order to determine the redox properties of the complex. The cyclic voltammogram of 2 in nitrogen-purged DMSO solution is shown in Fig. 3 . The solution of 2 was also purged with oxygen in order to determine the reactivity of the complex towards electrochemically generated superoxide, as oxygen is reduced with formation of superoxide at negative potentials. Going to negative potential, the reduction of oxygen to superoxide and ligand reduction are observed. The ligand reduction occurs at more negative potentials than it is the case under nitrogen atmosphere, and it proceeds in two steps (Fig. 4) . The scan in the oxidation direction does not show reoxidation peaks for oxygen and the ligand, suggesting that upon a reaction with superoxide the ligand was chemically modified. A second scan under the same conditions shows disappearance of the metal redox couple. Such behavior is probably due to the decomposition of the complex and binding of the ligand or its fragments to the surface of the gold working electrode, since in general sulfur compounds tend to bind to gold surfaces.
Conclusion
We have synthesized and characterized a fivecoordinate Mn(II) complex containing the SNNNS donor atom set. Due to the steric hindrance induced by the diaminocyclohexane-thiourea ligand, coordination of an additional sixth ligand is not favored. The stronger donor ability of the sulfur atom competes successfully with the donor ability of the secondary amino groups and enables formation of sevenmembered chelate rings, different from the common five-membered chelate rings in the structure of M 40403 (Fig. 1) . The results of electrochemical experiments suggest that upon reaction with superoxide the redox-active ligand is modified causing decomposition of the complex. This may be the reason why thio-ketone-containing ligand systems are in general not suitable for designing SOD mimetics. It should be mentioned that in the nickel-containing SOD enzyme [13, 14] and in the corresponding model complexes [15] two cysteinate sulfur donor atoms are involved in the coordination. A detailed study on the products of the superoxide reaction is in progress.
Experimental Section
General information
Reagents and solvents were obtained from commercial sources and were of reagent quality unless otherwise stated. All chemicals were used as received without further purification. The synthesis of ligand fragment 1 has been published elsewhere [9] . IR spectra were recorded on an ATI Mattson FTIR 60 AR spectrometer. Elemental analysis was done on a Carlo Erba EA 1108 CHN instrument. UV/Vis spectra were taken on a Hewlett-Packard 8452A spectrophotometer.
Cyclic voltammetry
Cyclic voltammetric measurements were carried out using an Autolab instrument with a PGSTAT 30 potentiostat. A conventional three-electrode arrangement was employed consisting of a gold working disk electrode (Metrohm, geometric area: 0.07 cm 2 ), a platinum wire (Metrohm) as the auxiliary electrode, and silver wire as pseudo-reference electrode. All measurements were done in DMSO in the presence of 0.1 M tetrabutylammonium hexafluorophosphate as supporting electrolyte. The Fc + /Fc (Fc = ferrocene) couple was used to calibrate the redox potentials. All solutions without superoxide were thoroughly degassed with nitrogen prior to the beginning of the experiments, and during the measurements a nitrogen atmosphere was maintained. Measurements with superoxide were carried out by saturating the solution with dry air. 
Safety Notes!
Crystal structure determination
Details of the crystal structure determination are given in Table 1 . Intensity data for 2 were collected on a BrukerNonius KappaCCD diffractometer using MoK α radiation (λ = 0.71073Å, graphite monochromator). Data were corrected for Lorentz and polarization effects. Absorption has been taken into account by a semi-empirical correction based on multiple scans using SADABS [17] . The structure was solved by Direct Methods and was refined on F 2 using SHELXTL NT (v6.10) [18] . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed in calculated positions using a riding model. The asymmetric unit of 2 contains two symmetry-independent molecules of the complex salt and one MeCN as well as one H 2 O molecule. No hydrogen atoms were included for the solvate water molecule. One of the perchlorate anions is disordered. Two preferred orientations could be refined resulting in site occupancies of 61.9(5) % for O41-O44 and 38.1(5) % for O41 -O44 .
CCDC 756071 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
